OpenChewBite: Frequently Asked Questions 


About us 


We are an interdisciplinary group comprising researchers, engineers and technicians 
affiliated with the “Research institute for signals, systems and computational intelligence” 
UNL-CONICET and the “Campo Experimental J.F. Villarino”, Facultad de Ciencias Agrarias, 
Universidad Nacional de Rosario, Zavalla, Argentina. OpenChewBite is an open project 
under development that brings to the academic community the result of more than 10 years 


of interdisciplinary research experience in these topics. 


OpenChewBite ¡is an initiative designed to share tools and analysis framework for monitoring 
livestock feeding behaviour under grazing conditions. lt provides instructions for replicating 
recording setup used in our experiments, links to datasets, web demonstrations of analysis 
algorithms, and a list of related publications, among other references. In addition, it offers 
web services for uploading and analysing new recordings with the algorithms developed by 
our research group. 


What is the phenomenon to be studied or 
analysed? 


The feeding behaviour of ruminants by recording the sounds the animals produce during 
their daily activities. 
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What types of microphones can be used? 


Microphones with electret capsule technology are recommended. Preferably, with a braided 
cable extension and waterproof, like the CUI Devices model CMC-6027-421 100, shown in 
the figure below. 


Is it difficult to record sounds in the field? 


The process of recording ruminant feeding behavior, is relatively simple and can be 
performed with inexpensive, readily available and adaptable equipment for this task. 
Ingestive sounds of biting and chewing are recorded using individual recording kits mounted 
non-invasively on each animal. 


Each kit includes a halter to carry a directional microphone connected to a recorder. The 
microphone should be held tightly against the animal's forehead. It is recommended to cover 
the microphone with a wide elastic band, to prevent movements, to insulate it from wind 
noise and to protect from friction. 


A commercial "journalist' type digital recorder (e.g. SONY model ICDPX312) can be used. lt 
is recommended to place the recorder in a waterproof case (Pelican_1015 Micron Case 
Series was used for the recorders), attached to the halter behind the cows' necks, for 
protection from rain and shocks. The microphone-recorder connection cable should be 
secured under the elastic headband and through the halter straps to avoid snagging or 
chafing. The following figure shows the arrangement of the equipment on the animal. 
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How are the microphones prepared to be placed in 
the halter? 


Pre-assembled mini-plug to stereo mini-plug cables can be used for the microphone 
assembly. These cables are cut to a length of about one meter, adjusted to the halter and 
the distance to the waterproof box containing the recording device. The electret capsule ¡is 
wired to one of channel, with other channel connected to the voltage reference or common. 
The following images show the pre-assembled cable and the complete microphone. 
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Are there any adaptations to be made to the 
recording system? 


It will depend on the specific characteristics of each component. For example, the watertight 
box may need modifications, such as adding two holes in the base to attach it to the halter 
with two bolts and through nuts, to prevent displacement. Additionally, a small slit in the lid 
might be necessary to allow the connector cable to pass through to the box. Care should be 
taken to ensure a secure connection without compromise waterproofing, especially in rainy 
situations. 


The following figure shows the different components separately (a), semi-assembled (b) and 
the final arrangement (c). 


What frequency and resolution is needed? 


Recordings can be made in MP3 format at 128 kbps and then converted for processing to 
WAV mono format with a sampling rate of 44.1 kHz and a resolution of 16 bits. 


How are the signals processed? 


The first step is to download the audio files, following by converting them to WAV format for 
analysis. The recorded soundtracks can be processed (filtering, standardisation of the signal 
and acoustic parameters, calibration, identification, cutting, extraction and pasting) with an 
audio editing program (e.g. Audacity0. Version 2.4.2-2019, https://www.audacityteam.org/). 
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How easy is it to identify and classify sounds? 


Through the audio editing programme, the sounds produced by each of the jaw movements 
can be analysed and classified with precision. Once users become familiar with the sounds 
of the jaw movements (bite, pure chewing and chew-bite movements), through listening to 
the audio and visual observation of the acoustic signal, it is very easy to perform the 
identification and classification manually. However, for long duration signals the manual 
process becomes tedious, time-consuming, and susceptible to errors and discrepancies, 
when performed by different people. 


Acoustic signal Labels identifying and segmenting 
jew movements 


Compound movement 
(MC) 


The figure displays a fraction of a sound signal from an alfalfa grazing session, edited and 
processed using the Audacity6 programme. It illustrate the identification and segmentation 
of the jaw movements as bite (A), pure chew (Ma) or compound movement (MC). AudacityO 
allows the analysis of acoustic signals and labelling of the different ingestive jaw movement 
events recorded during grazing and rumination activities. 


How can acoustic jaw movements during grazing 
be identified? 


During grazing, biting is identified by the characteristic snapping sound produced during the 
grasping and cutting of plants between the incisor teeth and the dental pad. Pure chewing by 
the characteristic crunching sound when the molars and premolars grind the forage before 
deglutition. Compound movements when a chewing precedes and partially overlaps with a 
biting action in the same closing movement of the jaw. The sound of the compound 
movements is longer and the forage torn off in a previous bite is chewed by the molars and 
premolars at the same time as a new bite is torn off by the incisors and the dental pad. 
Explanatory video of grazing activity (automatic subtitles in english 
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How can grazing sounds and ruminating sounds 
be differentiated? 


Firstly, during rumination only chewing sounds are detected, there no bite or compound 
movements sounds. The chewing sounds during rumination are of lower amplitude and are 
characterized by their regularity and periodicity. 


Explanatory video on rumination (automatic subtitles in english) 


Grazing . ...... ao RUmination ......... mea. Srazing 


Chewing cycles | 
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A PUT 


Deglutition - regurgitation 


The rumination cycles are clearly differentiated by an interruption and the characteristic 
sound of deglutition and regurgitation of the food bolus between two chewing cycles. 


chewing cycles 1 Interval between deglutition and chewing cycles 2 
regurgitation of the food bolus PE 
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Regurgitation 


y 


Deglution 


What are the most frequent problems faced when 
identifying sounds? 


The most frequent problems are related to noise and interference. Therefore, devices or 
installations that can move or even worse, pull out the microphone (mechanical scrapers, 
insulated rods, wires over drinking troughs, etc.) or distort the signal (near power sources) 
should be avoided. Electric fences can affect the signal quality, but only when the distance is 
just a few centimeters. Confined environments such as barns have reverberations and are 
generally not suitable for using the acoustic methodology. 
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How are audios processed and analysed using the 
published algorithms? 


The process can be done manually, but as indicated above it is a laborious process. 
Alternatively, algorithms for automatic classification of events and activities developed by the 
research group can be used. All information and technical details can be found in the articles 


(and corresponding patents) at: https://sinc.unl.edu.ar/grants/precision-livestock-farming/. 


A demonstration of the different algorithms can be accessed from the page: 


BUFAR: An online algorithm to extract detailed information of foraging behaviour in 
grazing cattle. (WAV files up to 15 min in length) 


RAFAR: A regularity-based algorithm designed for long-term analysis of foraging 
behaviour in grazing cattle. (WAV files up to 15 min in length) 


Chewbite web: Foraging activity recognizers BUFAR and RAFAR for grazing cattle. 
(supports long mp3 files) 


How long can it be recorded? 


The length of the recordings will depend on the memory capacity of the recorder used, which 
can be extended with an 8GB class 10 SD card. Under the tested conditions, the recordings 
exceeded 36 continuous hours without depleting the charge of two batteries (AAA) in the 
SONY ICD-PX312 recorders. 


Which articles can be consulted on this topic? 


The group's latest articles can be found at: 
http://sinc.unl.edu.ar/publications/?idAuthor=08authorForm=galli8_year=-18entry=All8titleg 


display=list 


What data are available for testing”? 


Some example signals are also provided in the web-demos of the indicated algorithms. 
Several databases have been recorded under different conditions and some of them have 
been published with open access. More details can be found at: 


https: //www.sciencedirect.com/science/article/pii/S2352340920305175 
https: //www.nature.com/articles/s41597-023-02673-3 
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What is the Experimental Animal Protocol”? 


The following is a basic experimental protocol for animal recordings. It should be adapted 
according to the particular conditions of the animals and the available facilities in each case. 


Preparation of animals: 
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Prior to the experiment, the animals must be accustomed for periods of several hours 
to wearing the halter with the waterproof box that houses the recording device and 
the headband that holds the microphone on the animal's forehead. The aim of this 
task is to accustom them to the sensation and use of these elements, so that they do 
not alter their behaviour during the experimental recordings. lt is also recommended 
to trim the hair on the animal's forehead to improve the microphone contact 

During the day of the experiment, the activities are broken down into 3: 


Installation: First, in the laboratory, the preparation, configuration and 
connection of recording devices and microphones are carried out, leaving 
them in operation. Then, the animals must be immobilised close to the 
grazing area using a trap, to place the halter with the recording device. lt is 
essential to verify that the box is positioned behind the head, while the 
microphone is placed on the forehead. The microphone is held by placing 
adhesive tape and, the cover it with a semi-elastic cloth headband for 
additional protection. Once the setup is complete, the animals are moved to 
the location where the experiment will be conducted. 


Control: Through the experiment, conduct recurrent visual inspections, to 
verify the position of the box and the microphones are not significantly 
altered. This can be caused by sudden movements of the animals, such as 
collisions between heads or contact with external elements like fences, wire 
fences or drinking troughs. 


Removal: At the end of the experiment, lead the animals back to the trap to 


remove the halters and devices, ensuring that both the microphones and the 
boxes are undamaged. 
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Characteristics of the animals: 


As an example, the following table describes data from animals used in a typical experiment. 


Days in Average daily 


pico Date of birth ( e lt lactation production last E e 0 
9 y (DL) 7 days P y 

600 8/11/18 3,97 1 444 14,29 Pregnant 10359 

600 8/14/18 3,96 2 307 22,07 Inseminated 8245 

600 8/15/18 3,96 2 261 17,51 Pregnant 6181 


How can you contribute to the project? 


As a form of collaboration with this project, it is requested that you consider sharing the 
recordings generated with this methodology, in order to continue improving the performance 
and robustness of the developed algorithms. 

We leave a contact email available for inquiries and/or coordination for sending data: 
openchewbite(Asinc.un!.edu.ar. 
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Supplementary material 


Grabador dentro de una caja Micrófono ajustado contra la 


a montada sobre el frente del animal. Conectado al 
zal. 


grabador y protegido por banda 
elástica. 
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